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INSTRUCTIONS FOR PREPARATION OF REPORT DOCUMENTATION PAGE

GENERAL INFORMATION

The accuracy and completeness of all information provided in the DD Form 1473, especially classification and
distribution limitation markings, are the responsibility of the authoring or monitoring DoD activity.

Because the data input on this form will be what others will retrieve from DTIC's bibliographic data base or may
determine how the document can be accessed by future '~ rs, care should be taken to have the form completed by
knowledgeable personnel. For better communication and to faciiitate more complete and accurate input from the
originators of the form to those processing the data, space has been provided in Block 22 for the name, telephone
number, and office symbol of the DoD person responsible for the input cited on the form.

All information on the DD Form 1473 should be typed

Only information appearing on or in the report, or applying specifically to the report in hand, should be reported.
tf there 1s any doubt, the block should be left blank.

Some of the information on the forms (e.g., title, abstract) will be machine indexed. The terminology used should
describe the content of the report or identify it as precisely as possible for future identification and retrieval.

NOTE: Unclassified abstracts and titles describing classified documents may appear se
in an unclassified context, e.q., in DTIC announcement bulletins an

in the preparation and marking of unclassified abstracts and titles.

The Defense Technical Information Center (DTIC) is ready to offer assistance to anyone who needs and requests it.
Call Data Base Input Division, Autovon 284-7044 or Commercial (202) 274-7044.

SECURITY CLASSIFICATION OF THE FORM

In accordance with DoD 5200.1-R, Information Security Program Regulation, Chapter IV Section 2, para?raph 4-200,
classification markings are to be stamped, printed, or written at the top and bottom of the form in capital letters that
are larger than those used in the text of the document. See also DoD 5220.22-M, Industrial Security Manual for
Safeguarding Classified Information, Section I, paragraph 11a(2). This form should be unclassified, if possible.

rately from the documents
ibliographies. This must be considered

SPECIFIC BLOCKS

Block 5. Monitoring Organization Report Number(s): Enter
the unique alphanumeric report number(s) assigned by the
Monitoring Agency. This should be a number assigned by a DoD
or other government agency and should be in accordance with
ANSI STD 239.23-74. if the Monitoring Agency is the same as the
Performmg Organization, enter the report number in Block 4 and
leave Block 5 blank.

Block 6a. Name of Performing Organization: For in-house

Block 1a  Report Security Classification: Designate the highest
security classification of the report. (See DoD 5220 1-R, Chapters i, IV,
VI, X1, Appendix A)

Block 1b  Restricted Marking: Enter the restricted marking or
warmng notice of the report (e g.. CNWD!, RD, NATO).

ST A e T

Block 2a Secunity Classification Authority: Enter the
commonly used markmas ir accordance with DoD 5200 1-R, Chapter
iV, Section 4, paragraph 4-400 and 4-402 Indicate classification
authority

Block 2b.  Declassification / Downgrading Schedule: Indicate

speciFic date or event for declassification or the notation,
“Originating Agency Determination Required” or "OADR " Also
nsert (when applicable) downgrade to

on (e g.. Downgrade to Confidential on 6 July
1983) {See also DoD 5220 22-M, Industrial Security Manual for
Safeguarding Classified Information, Appendix it}

NOTE: Entry must be made in Blocks 22 and 2b except when the

original reportis undassified and has never been upgraded.

Block 3 Distribution/Availability Statement of Report: Insert the
statement as .t appears on the report. If a himited distribution
statement is used. the reason must be one of those given by DoD
Directive 5200 20. Distribution Statements on Technical Documents,
as supplemented b{ the 18 OCT 1983 SECDEF Memo, “Control of
Unclassified Technology with Military Application ” The Distribution
Statement should provide for the broadest distribution possible
within limits of security and controlling office imitations.

Block 4 Performing Organization Report Number(s): Enter the
unmique alphanumeric report number(s) assigned by the organization
originating or generatmsg the report from its research and whose
name appears in Block These numbers should be in accordance
with ANSt STD 239 23-74, "American National Standard Technical
Report Number * If the Performing Organization 1s alsn the
Monitoring Agency. enter the report number in Block 4

reports, enter the name of the performing activity. For reports
prepared under contract or grant, enter the contractor or the
grantee who generated the report and identify the appropriate
corporate division, school, laboratory, etc,, of the author.

Block 6b. Office Symbol:
Performing Oganization

Enter the office symbol of the

Block 6¢ Address: Enter the address of the Performing
Organization. List city, state, and ZIP code.

Block 7a. Name of Monitoring Organization: This is the
agency responsible for administering or monitoring a project,
contract, or grant. If the monitor 1s also the Performing
Orgamzatiun, leave Block 7a. blank. In the case of joint
sponsorship, the Monitoring Organization s determined by
advance agreement. It can %e either an office, a group, or a
committee representing more than one activity, service, or

agency.

Block 7b. Address: Enter the address of the Monitoring
Organization. Include city, state, and ZIP code

Block 8a Name of Funding/Sponsoring Organization:
Enter the full official name of the organization under whose
immediate funding the document was generated, whether the
work was done in-house or by contract. If the Monitoring
grgakmzation is the same as the Funding Organization, leave 8a

ank.

Block 8b. Office Symbol: Enter the office symbol of the
Funding/Sponsoring Organization.

Block 8¢ Address: Enter the address of the Funding/
Sponsoring Organization. Include city, state and 2iP code.

DO FORM 1473, 83 mar

- e At A - <™
RN A e ‘.‘_'.r:"v‘ .“." ¥

B



o e
2 a0 .
LA NL IR R

L&

5

l"l
L JAE PR AN

.

. a
S
~

Ma¥ Bai b aias Bd Sd g

Rl ane mo o aa Adc aie-ang afe Atk 4 g A a a-a A ah 8 o b and

Black 9. Procurement Instrument Identification Number: For a
contractor grantee report, enter the complete contract or grant
number(s) under which the work was accomphished. Leave this block
btank for in-house reports

Black 10. Source of Funding (Program Element, Project, Task
Area. and Work Unit Number(s): These four data elements relate to
the DoD budget structure and provide program and/or
admimistrative :dentificatron of the source of support for the work
being carrred on. Enter the program element, profect, task area,
work unit accession number, or their equivalents which identity the

rincipal source of funding for the work requitred These codes may
ge obtained from the applicable DoD forms such as the DD Form
1498 (Research and Technology Work Unit Summary) or from the
fund citation of the funding instrument. If this information s not
available to the authoring activity, these blocks should be filled in by
the responsible DoD Official designated 1n 8lock 22 If the report is
tunded from multiple sources, identify only the Program Element
and the Project. Task Area, and Work Unit Numbers of the principal
contributor

Block 11. Title: Enter the title 1n Block 11 1n imtial capital letters
exactly as it appears on the report. Titles on all classified reports,
whether classifred or unclassified, must be immediately followed by
the security classification of the title enclosed 1n parentheses A
report with a classified title should be provided with an unclassified
version if 1t 15 possible to do so without chan?mg te meaning Or
obscuring the contents of the report. Use specific, meaningtul words
that describe the content of the report so that when the title s
machine-indexed, the words will contribute useful retrieval terms

't the report 1s 1n a foreign language and the title 1s given In
both Enghish and a foreign language, list the foreign language title
first, foliowed by the English title enclosed 1n parentheses If part of
the text s in English, list the Enghish title first followed by the foreign
'anguage title enclosed in parentheses If the title 1s given 1n more
than one foreign language, use a title that reflects the language of
the text If both the text and titles are in a foreign language, the
u:tle should be translated, 'f possible, un'ess the title is also the name
of a foreign periodical  Transhterations of often used foreign
alphabets?see Appendix A of MiL.CTD-8478) are available from DTIC
'n document AD-A080 800

Block 12. Personal Author{s). Give the complete name(s) of the
author(s) in this order: last name, first name, and middle name In
addition. list the affihation of the authors if it differs from that of
the perfurming organization

List all authors 1f the document s a compilation of papers, it
may be mare useful to hist the authors with the titles of their papers
as a contents note 1n the abstract in Block 19 If appropriate, the
names of editors and compilers may be entered in this block

Block 13a Type of Report: indicate whether the report s
summary final arnual progress, internm, etc

Block 13h T:me Covered. Enter the inclusive dates (year,
month. day; of the period covered, such as the hie ~f a contract in a
final contractor report

Block 14 Date of Report  Enter the year, montn and day, or

the year and the month the report was issued as shown an the cover

Block 15 Page Count: Enter the toral number of pages in the
roport that contain information including rover. preface. Fable of
contents distribution lists, partial pages. etc A chart oo the body f
the reportis counted even if it is ynnumbered

Block 16 Supplementary Notation, FEnter ysetul information
about the report 1n hand, such as  “Prepared 'n cooperation
with " “Translation at (ar by) .” “Symposium 7 If there are
report numbers for the report which are not naoted elsewhere on the
form (such as nternal series numbers or partiope 1ng Nrgamzation
report numbers) enter in this block

‘have a potential for becoming accepted terms “Laser” and

Block 17. COSATI Codes: This block provides the subject
coverage of the report for announcement and distribution
purposes. The categories are to be taken from the "COSAT!
Subject Category List” (DoD Modified), Oct 65, AD-624 000 A
copy is avallable on request to any organization generating
reports for DoD At least one entry is required as follows:

Field - to indicate subject coverage of report

Group - to Indicate greater subject specificity of information
in the report

Sub-Group - if specificity greater than that shown by Group
is required, use further designation as the numbers after the
penod () in the Group breakdown. Use only the designation
provided by AD-624 000

Example: The subject “Solid Rocket Motors” s Freld 21,
Group 08, Subgroup 2 (page 32, AD-624 000)

Block 18. Subject Terms: These may be descriptors,
keywords, posting terms, identifiers, open-ended terms, subject
headings, acronyms, code words, or any words or phrases that
identify the principal subjects covered in the report, and that
conform to standard terminology and are exact enough to be
used as subject tndex entries. Certain acronyms or “buzz words”
may be used (f they are recognized by specialists in the field and

"Reverse Osmosis” were once such terms

tf possible, this set of terms should be selected so that the
tegms individually and as @ group will remamn UNCLASSIFIED
without losing meaning However, priorty must be given to
specifying proper subject terms rather than making the set of
terms appear "UNCLASSIFIED * Each term on classified reports
must be 'mmediately followed by its security classification,
enclosed 1n parentheses

For reference on standard terminology the “OTIC Retrieval
and Indexing Terminology” DRIT-1972, AD-A068 500, and the
DoD “Thesaurus of Engineering and Scientific Terms (TEST) 1968,
AD-672 000, may be useful.

Block 19 Abstract: The abstract should be a prthy, brief
(preférably not to exceed 300 words), factual summary of the
most significant information contained in the report However,
since the abstract may be machtne-searched, all spectic and
meaningful words and phrases which express the subject content
of the report should be included. even 1f the word Iimit 15
exceeded.

if possible, the abstract of a classified report should be
unclassified and consist of publicly réleasable information
(Unlimited), but in no instance should the report content
description be sacrificed for the secunty classification

document Q@T‘_%ggear separately from the document

NOTE:. An_unclassified abstract describing a classified

in an undassified context e.q., in DTIC announcement
or bibliographic products. This must be considered in

the preparation and marking of undlassified abstracts.
For further information on preparing abstracts, employing

scientific symbols, verbalizing, etc . see paragraphs 2 1(n) and
2 3(b) 1n MIL-STD-8478

Block 20. Distribution / Avarlabiity of Abstract: This block
must be completed for all reports  Check the apolncabte
statement: “undassified /unlimited,” “same asreport  or, f the
repart s avarlable to DTIC registered users * DTIC users ”

Block 21. Abstract Security Classiticatron. 1o ensure proper
sateguarding of information, this block must be completed for all
reports to designate the classification level of the entire abstract
For CLASSIFIED abstracts, each paragraph must be preceded by 1ty
security classification code in parentheses

Block 22a.b,c. Name, Telephone and Otfice Symbol of
Responsible Individua!l  Give name. tetephone number, and
uffice symbol of DoD person responsible tor the accuracy of the
completion nf this form
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12.

In December 1983, a proposal for

with a support figure of $155,085.
and $35,085 from the University of Colorado matching funds.

Introduction

Equipment Purchased

During the grant period, January 1, 1985 - December 31, 1985, the following
equipment purchases were made:

Pyramid 90X computer system
Including:
a) 6MB Error Correcting Memory
b) 16 User Operating System
c) ANSI Fortran and EMACS Screen Editor
d) Multibus Adaptor
e) Ethernet Controller
f) 9-Track Magnetic Tape Drive
g) Floating Point Unit With Data Cache
h) 450MB Winchester Disk
1) Miscellaneous Software
Shipping Charge for Item #1
Fujitsu Eagle 410D/450MB Winchester Drive
Transeiver - Micom Interlan
Matrix Printer - CI-3500, CITOH Electronics
(4) Graphics/Terminals - CI-414A, CITOH Electronics
(4) Terminals - Zenith 2Z-29A

(2) IBM P.C. Systems (Smart Terminals)
Including Epson FX-185 Printers

(4) Hayés Modems
NAG Software Manuals
Hardware, Wires and Cables

Manual Covers and Binders

Total

"Computational Support for Diverse Research
Projects Supported by DoD" was submitted to the DoD Instrumentation Program.
A grant, AFOSR-85-0090, was awarded to the University of Colorado, Boulder

This amount included $120,000 from AFOSR

$106,280.00

707.60
7,995.00
456.00
1,150.00
4,105.00
1,917.60

4,585.50

620.00

225.00 Fe- - i
53.38 “_1

3 &
130.27 +d L)
}

$128,195.37 . e
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ﬁf Minor alterations in the equipment list described in the Grant Amendment dated
pey March 19385, have been made as a result of alterations in computer system

.:i technology and price structure. The equipment purchased facilitates the goals
~7 of the proposed program.

During the period of the AFOSR grant, a large amount of computer-related equip-
zent became available to the College of Engineering through industrial donations
and outright purchases. In addition, significant changes in technology occurred
between the submission of the last budget revision in February 1985 and the
present date. These factors led me to conclude that certain originally-planned
purchases did not represent effective use of scarce resources. After purchase
of the primary system with expenditures of $128,195, I determined that the
matching funds would remain available for future use and thus delayed additional
purchases. This pause gave me an opportunity to determine which additional
equipment would enhance the effectiveness of our Pyramid system.

The following plan is submitted for expenditure of the remaining University of
Colorado matching funds:

Imagen Laser Printer (1) $ 8,225.00
CITOH Matrix Printer (Graphics Capability) (2) 7,750.00
Smart Terminal Systems (IBM PC with Peripherals) (2) 6,250.00
Software 1,664.00
Facility Modification Costs 3,000.00

Total $26,889.00

These purchases will be made during the next several months. A report of
activity will be provided upon completion. A letter outlining these plans and
submitted with the University of Colorado Financial Report to AFOSR appears in
Appendix I.
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3. Research Programs Ctilizing the Pyramid System

(a)(i) "A Fundamental Mathematical Theory For The Dynamics of Combustion
Processes”, ARO Mathematical Sciences DAAG 29-85-0209. J. Bebernes and D.
R. Kassoy.

({i) "Thermal Explosions In A Confined Reactive Gas Mixture'", National Science
Foundation INT 8302371, D. R. Kassoy.

Combustion processes occurring in compressible gases generate significant
gasdynamical phenomena including acoustic waves as well as weak and strong shock
waves. The mathematical models used to describe these events exhibit both
reaction-diffusion and hyperbolic characteristics. Asyuptotic methods, based on
several small parameters, provide a useful tool for developing solutions which
resolve physical processes on widely disparate time and length scales. Before-
hand knowledge of these scales can be used profitably to generate numerical
schemes capable of describing the complex thermomechanical processes occurring
in compressible reactive systems. The Pyramid System has been employed to
develop and run an implicit code based on the one-dimensional, unsteady reactive
Navier-Stokes equation. Results obtained describe the birth of strong shock
waves in an inert gas following high levels of power deposition at a planar
boundary and the initiation and evolution of a planar detonation wave in a
reactive gas. Related computations are envisioned for a spherical geometry and
for modelling reactive gas-dynamics in a piston-cylinder configuration.

(b) "Unsteady Separated Flows: Structures and Processes," AFOSR Grant
81-0037 (Extended to May, 1987), M. Luttges and C. Y. Chow.

The Pyramid computer is being used to carry out a research project on numerical
simulation of streaklines traced by smoke particles injected upstream of an
airfoil performing various unsteady motions, including pitching and oscillating
motlons. A comparison of the computed results with pictures taken in the
laboratory will facilitate the interpretation of many interesting features shown
in the unsteady flow smoke photographs.

(¢) "Chemical Kinetics of Nitramine Propellant Combustion,"” AFOSR Grant
84-0006, M. C. Branch.

The combustion of nitramine based solid rocket propellants includes solid
decomposition reactions and gaseous reactions near the propellant surface. The
gaseous reactions differ from flames in air because they are supported by NOp

or NO as an oxidizer and they may have multiple luminous zones. Earlier studies
of several fuel/NO; and fuel/NO flames have been reported in the literature
which also have multiple luminous zones. No detailed chemical kinetic

mechanism was postulated or evaluated for the process so that the basic
chemistry controlling the flame structure remains uncertain.

We are conducting low pressure flame studies of CH4/NO2/03 and

CH20/N0O2/0 mixtures which identify reactant, intermediate, and product

species profiles through the flame. The comparison of these measurements to a
flame model including kinetics is used to evaluate the quantitative accuracy of
the kinetic mechanism. Flame reactions are followed experimentally by precise,
spatially resolved measurements of species concentration and temperature
profiles above a low pressure, one dimensional, laminar flat flame burner.
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§ Stable species concentrations ace aeasured with quenching quart:z sampling probes
~ followed by gas chromatographic and chemiluminescent gas analysis. The

xRS internediate species CN and CH and temperature were measured by linear laser

kj\' induced fluorescence and laser absorption. The experimental arrangement for

W) laser absorption and laser induced fluorescence measurements uses a Lambda

Physik EMG 52 MSC Excimer Laser to pump a Lambda Physik FL200l Dye Laser. The
excimer laser pulses at 0.! to 100 Hz and has a pulse energy of 50 mJ at 308 nm.
The Lambda Physik FL20Ol Dye laser has a wavelength range of 320 to 970 mn and a
bandwidth of 0.22 e¢m~! at 580 nm. Typical pulse energies are 10 jto 15 mJ and
pulsewidth is 5 to 20 nsec with background of less than 1%.

The laser light output from the dye laser is filtered and a beam splitter used
to divert part of the beam to a power meter monitor. Light then passes through
the burner pressure vessel and is focused through the flame. Separate focusing
arrangements and mirrors are used for the laser absorption and laser
fluorescence measurements. The collected light from fluorescence or the
attenuated light from absorption is then focused onto a photomultiplier tube and
is processed by a signal averager and recorded. A Hewlett-Packard 9816S
computer is avallable for controlling the spectrometer scan and other
experimental variables and analysis of data from the experiments.

The pyramid computer has been used for data reduction from the flame structure
measurenments and in chemical kinetic modeling of the flame reactions. The
chemical kinetic modeling requires the numerical integration of the reaction
mechanism which consists of approximately 50 to 100 reactions involving 15
species which are known to be important in the reaction procéss. The numerical
integration is accomplished with a Fortran computer program for steady state,
burner stabilized, premixed, laminar flames. The program includes the effects
of finite rate chemical kinetics and molecular transport phenomena. The
governing equations for the flame are represented by a finite difference
approximation and a Newton method is used to solve the resulting boundary value
problem.

The comparison of the measured species concentration profiles with the
calculated profiles shows that the reaction of CHy and NO; has a distinct

two zone structure. The rapid first stage reaction between CH, and NOj is
primarily due to reactlons of these species with H atoms. These reactions are
also responsible for much of the heat release of combustion. These first stage
reactions also keep the radical concentrations (H, OH, 0) low so that second
stage reactions are slow.

The primary reactions of the second stage are those reducing NO and oxidizing
CO0. These reactions are also exothermic and increase the gas temperature. This
stage of the reaction does not begin, however, until the first stage reaction is
complete and it i3 possible for the radicals to increase in concentration. The
radical concentrations during this stage of the reaction are generally about an
order of magnitude higher than in the first stage.

(d) "Diverse Computational Projects,” P. D. Weidman.

The three projects outlined below have been implemented on the M.E. Pyramid
since approximately January 1986.
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The first project involves the numerical integration of a nonlinear partial
differential equation describing radial wave propagation. The goal of this
project is to determine a criterion for the transition from linear to nonlinear
evolution of radially propagating free surface waves.

The second project is concerned with the numerical integration of functionas
defined by combinations of incomplete elliptic integrals and their derivatives.
This problem has application to capillary-gravity wave propagation in narrow
channels with fixed contact lines.

The last project involves the numerical solution of a transcendental eignevalue
problem related to the stability of natural convection in fluid saturated porous
media with sidewall heat transfer. This effort was initiated to determine the
complex modes of fluid motion in boxes of finite width.
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